Abstract. The present study aimed to investigate the expression of microRNA (miR)-185 in the bone and blood tissues following ankle fracture, and its regulatory mechanism in the ankle fracture recovery process. In total, 28 patients with ankle fractures were included, including 15 cases receiving surgical treatment within 1-7 days after fracture, and 13 cases receiving surgery within 8-14 days after fracture. Reverse transcription-quantitative polymerase chain reaction was performed to detect the mRNA expression levels. Western blot analysis and ELISA were used to determine the protein expression levels. Bioinformatics analysis and dual-luciferase reporter assay were applied to predict and confirm the upstream regulator of tumor growth factor (TGF)-β1. An MTT assay was performed to assess the cell proliferation. Compared with the 1-7-day surgery group, the mRNA and protein expression levels of TGF-β1 were significantly elevated, while the expression levels of miR-185 were significantly declined in the bone and blood tissues in the 8-14-day surgery group. Bioinformatics analysis and dual-luciferase reporter assay predicted and confirmed that TGF-β1 was the direct target gene of miR-185. Moreover, upregulated expression of miR-185 significantly decreased the protein expression levels of TGF-β1 and reduced the proliferating activity of hFOB1.19 cells. Within two weeks after ankle fracture, the expression levels of TGF-β1 are significantly upregulated in the bone and blood tissues, which may have been associated with the downregulated expression of miR-185. miR-185 may modulate TGF-β1 to regulate the recovery of ankle fracture. These findings may contribute to the understanding of the biological functions and effects of miRNA-185 and TGF-β1 in ankle fractures.
Introduction
Ankle fracture is a common kind of orthopedic trauma, with increasing incidence along with the social aging process (1) . Most ankle fracture cases are caused by indirect violence (such as physical labor, strenuous exercise, and car accident injuries), more usually seen in young adults, which accounts for about 3.9% of all body fracture cases (2, 3) . Accompanied along with the bone fracture is a series of changes in microRNA (miRNA or miR) and mRNA in the body, which has become the focus of disease diagnosis and treatment (4) (5) (6) .
Tumor growth factor (TGF)-β1 belongs to the TGF superfamily, which is produced by various kinds of cells. In the bone tissue, TGF-β1 is mainly produced by osteocytes, osteoblasts, osteoclasts, and chondrocytes. Osteoblast-produced TGF-β1 will bind to the bone matrix soon after generation (7) . It has been proven that TGF-β1 stimulates collagen synthesis, and it is a potent chemokine, which increases the extracellular matrix and plays an important role in regulating bone and cartilage formation (8) . Moreover, it has been shown that several miRs regulate the activity of TGF-β1 signaling pathway (9, 10) . However, for the recovery following ankle fracture, the role of TGF-β1 and its up-stream miRNA regulators has not yet been full established.
In the present study, the miR-185-related TGF-β1 effects in the recovery process after ankle fracture were investigated. Quantitative real-time PCR, Western blot analysis, gene bioinformatics, and ELISA were performed to study the mRNA and protein expression levels of TGF-β1 in the bone tissue and blood samples from the ankle fracture patients receiving surgical treatment at different time points. Its relation with miR-185 was also predicted and confirmed, and the biological functions of miR-185 in osteoblasts were explored.
Materials and methods
Study subjects. A total of 28 patients of ankle fracture were including in the present study, who received surgical treatment in our hospital from August 2013 to March 2017. In these patients, 15 cases receive the surgical treatment during 1-7 days after ankle fracture, including 8 males and 7 females, aging from 25 to 58 years. The other 13 cases received surgical treatment during 8-14 days after ankle fracture, including Western blot analysis. Bone tissue was lysed with the lysis to obtain total protein. After centrifugation at 4˚C at 12,000 rpm for 15 min, protein concentration was determined by the BCA method (RTP7102; Real-Times, Beijing, China). Totally 20 µg protein was subjected to 10% SDS-PAGE, and then electronically transferred onto a membrane. After blocking with 5% non-fat milk at room temperature for 1 h, the membrane was incubated with rabbit anti-human anti-TGF-β1 (1:500 dilution; ab92486; Abcam, Cambridge, MA, USA) and rabbit anti-human anti-β-actin (1:5,000 dilution; ab129348; Abcam) primary antibodies, respectively, at 4˚C overnight. Then the membrane was incubated with goat anti-rabbit secondary antibody (1:3,000 dilution; ab6721; Abcam) at room temperature for 1 h. Protein bands were developed by the ECL method (ab65623; Abcam), and the Image Lab software was used for signal acquisition and analysis. β-actin was used as internal reference. Dual-luciferase reporter assay. Normal and mutant seed regions of miR-185 in the TGF-β1 3'-UTR were chemically synthesized (Sangon Biotech Co., Ltd., Shanghai, China), and Spe-1 and HindIII digestion sites were added to the ends, respectively. Two kinds of DNA fragments were cloned into the PMIR-REPORT luciferase reporter plasmid, and mutant 3'-UTR seed region was used as control. Totally 0.8 µg plasmid containing wile-type or mutant 3'-UTR DNA sequence was transfected into the 293T cells with liposome, followed by the transfection of 100 nM agomiR-185. After 24 h incubation, the cells were lysed, and the fluorescence was detected with the GloMax 20/20 luminometer. Renilla was used as internal reference.
Enzyme-linked immunosorbent assay (ELISA
Human osteoblast transfection. On one day before transfection, human osteoblast hFOB1.19 cells (The Cell Bank of Chinese Academy of Sciences, Shanghai, China) in the logarithmic growth phase were planted onto the 24-well plate, at a density of 3x10 5 cells/well. These cells were incubated with the F12/DMEM medium, containing 10% FBS, without antibiotics. Cell transfection was performed when 70% confluency was reached. The transfection plasmid/siRNA/agomiR and 1 µl lipo2000 were added into an EP tube containing 50 µl Opti Memi medium, which was placed at room temperature for 5 min. After another 20 min, the mixture was added into wells to incubate the cells for 6 h, which was then replaced by F12/DMEM medium containing 10% FBS. After 48 h, the cellular RNA and protein were collected, and the target gene expression levels were determined.
MTT assay. Cell proliferation was assessed with the MTT assay. These cells were seeded onto the 96-well plate, at a density of 2x10 3 cells/well. Totally 20 µl MTT (5 g/l) was added into each well at 24, 48, and 72 h, respectively. Twenty four hour later, 150 µl DMSO was added into each well. After incubated at 37˚C for 4 h, the absorbance at 490 nm was determined. Experiment was performed in triplicate. Cell proliferation curve was obtained accordingly.
Statistical analysis. Data were expressed as mean ± SD. SPSS v.18.0 software (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. After the Kolmogorov-Smirnov normality test, one-way ANOVA was performed for group comparison, with LSD and SNK tests, and Tamhane's T2 or Dunnett's T3 method, for homogeneous and nonhomogeneous data, respectively. P<0.05 was considered to indicate a statistically significant difference.
Results
TGF-β1 expression levels in ankle fracture patients after surgery. Quantitative real-time PCR was performed to detect the mRNA changes of TGF-β1 in the ankle fracture patients receiving surgeries on 1-7 days and 8-14 days, respectively, after fracture. Our results showed that, compared with the 1-7 day surgery group, the mRNA levels of TGF-β1 in both bone (1.00±0.09 vs. 3.81±0.56) and blood (1.00±0.15 vs. 4.37±0.61) tissues in the 8-14-day surgery group were significantly elevated (P<0.05; Fig. 1 ). On the other hand, the protein expression levels of TGF-β1 in the boneand blood tissues after ankle fracture were detected with western blot analysis and ELISA, respectively. Our results showed that, compared with the 1-7 day surgery group, the protein expression levels of TGF-β1 in both the bone (1.00±0.11 vs. 3.89±0.59) and blood (1.00±0.06 vs. 2.18±0.31) tissues were significantly elevated in the 8-14-day surgery group (P<0.05; Fig. 1 ). Taken together, these results suggest that, within 2 w after humeral fracture, the TGF-β1 expression level would be up-regulated gradually, which might play an important role in the regulation of disease recovery.
Prediction and confirmation of up-stream regulator of TGF-β1.
Bioinformatics analysis provides the basis and clue for miRNA function investigation. Existing literature concerning the up-stream miRNAs of TGF-β1 was first retrieved and consulted, which was then subjected to the prediction analysis with the miRanda, TargetSean, PiTa, RNA hybrid, and PICTA software. Our result lead to the miR-185 as the possible up-stream regulator for TGF-β1, i.e., 3'-agu ccu UGA CGG AAA GAG AGG u-5' hsa-miR-185 197: 5'-acu ccc ACU CCC UCU CUC UCC c-3' TGFB1.
Dual-luciferase reporter assay was then performed to confirm the prediction findings. Our results showed that, co-transfection of agomiR-185 and pMIR-REPORT luciferase reporter plasmid significantly declined the fluorescence (1.00±0.08 vs. 0.31±0.02) (P<0.05), while no significant change was noted for the mutant reporter-transfected group (1.00±0.08 vs. 0.92±0.10; Fig. 2 ). These results suggest that, miR-185 could bind to the 3'-UTR of TGF-β1, and regulate the gene expression.
MiR-185 expression levels in ankle fracture patients after surgery. The expression levels of miR-185 in the tissues from ankle fracture patients receiving surgery were detected with quantitative real-time PCR. Our results showed that, compared with the 1-7 day surgery group, the miR-185 expression levels in the tissues from ankle fracture patients were significantly down-regulated in the 8-14-day surgery group (for bone, 1.00±0.12 vs. 0.33±0.06; and for blood, 1.00±0.06 vs. 0.29±0.03) (P<0.05; Fig. 3 ). Together with the prediction and confirmation results, these findings suggest that miR-185 might play a regulatory role in the feedback or recovery process after ankle fracture, possibly via mediating the transcription levels of its target gene TGF-β1.
Effects of agomiR-185 transfection on hFOB1.19 human osteoblasts.
The effects of agomiR-185 transfection on the hFOB1.19 human osteoblasts were then investigated. Our results showed that, after transfected with agomiR-185, the miR-185 expression level was significantly increased (1.00±0.10 vs. 12.10±1.61), while the protein expression level of TGF-β1 was significantly decreased (1.00±0.06 vs. 0.28±0.05) (P<0.05). Cell proliferation was assessed with the MTT assay. Our results showed that, agomiR-185 significantly reduced the cell proliferating process (OD 450 nm : at 48 h, 0.71±0.07, 0.70±0.08, and 0.60±0.05, and at 72 h, 1.36±0.16, 1.26±0.12, and 0.96±0.09, for the control, NC, and agomiR-185 groups, respectively) (P<0.05; Fig. 4) . These results suggest that, agomiR-185 transfection could inhibit the proliferation of hFOB1.19 human osteoblasts via regulating TGF-β1 expression.
Discussion
In the present study, the expression levels of TGF-β1 in the bone and blood tissues were investigated in the patients of ankle fracture receiving surgical treatment at different time points. Moreover, the expression levels and biological functions of its up-stream regulator, miR-185, were also analyzed. The mechanism of miR-185 regulating TGF-β1 in the recovery process of ankle fracture after surgery was preliminarily discussed and studied.
TGF-β1 is an important coupling agent in the process of bone remodeling. In the bone tissue, osteoblasts are one of the most sensitive cell lines that are responsive to the mitogen response of TGF-β1 (12) . TGF-β1 obviously contributes to the bone formation process, alone or together with other growth factors. Beige et al (13) have shown that, during the early stage of cartilage formation, TGF-β1 is expressed in the cartilage mesenchymal cells, immature chondrocytes, and mature chondrocytes. Joyec et al (14) have found that subperiosteal injection of TGF-β1 could induce intramembrane osteogenesis and cartilage formation. Moreover, high-dose TGF-β1 induces osteogenesis of periosteal cartilages, and low-dose TGF-β1 can directly induce intramembrane osteogenesis. It has been shown that (15) , both bone-and platelet-derived TGF-β1 can bidirectionally stimulate the DNA synthesis in the fetal mouse skull cells and fetal bovine osteoblasts. Moreover, the DNA synthesis rates would increase, peak, and decrease along with the increasing concentration of TGF-β1, and this process is closely related to the degree of cell differentiation. In the present study our results showed that, compared with the 1-7 day surgery group, the mRNA and protein expression levels of TGF-β1 in the bone tissue were significantly up-regulated in patients from the 8-14-day surgery group. In line with previous findings, these results suggest that the bone injuries could stimulate the expression of TGF-β1, which plays a role in bone repair and regeneration, and also reduces the inflammatory response.
In order to further study the mechanism of the TGF-β1 regulation, bioinformatics analysis was performed to predict the up-stream genes of TGF-β1. Recent studies have shown that a class of intracellular endogenous non-coding miRNAs may cleave the TGF-β1 mRNA and inhibit the mRNA translation (9) . MiRNAs exert the regulating functions via cleavage, promoting the mRNA expression to modulate the gene activities (16, 17) .
Results from prediction showed that miR-185 is closely related to TGF-β1, and is likely to be an up-stream regulating miRNA for TGF-β1. It is noted that miR-185 is up-regulated to influence the TGF-β1 signaling pathway in the chronic benzene poisoning process (18) . Previous studies have shown that miRNA-195 might be the target for disease gene prevention, diagnosis, and treatment (18) (19) (20) (21) . Kim et al (19) have shown that, miR-185 could reverse the cardiac hypertrophy process via multiple signaling pathways. Moreover, Ma et al (20) have found that miR-185 could inhibit the proliferation of transparent cells, renal cells, and tumor cells via the target gene of VEGFA. Furthermore, Bao et al (21) have indicated that miR-185 could target on the SOCS3 gene to inhibit the diabetes-induced β-cell dysfunction. In addition, Fu et al (22) have demonstrated that miR-185 could inhibit the proliferation and metastasis of human breast cancer cells via the target gene of c-met. Similar activity of miR-185 has also been found in breast cancer, with the target gene of VEGFA (23) .
In this study, our results showed the relationship between miR-185 and TGF-β1, both in the bone and blood tissues. The expression levels of miR-185 were declined in the both bone and blood tissues, indicating that miR-185 might be the up-stream TGF-β1 regulator, influencing the gene transcription and translation, and playing an important role in the recovery process of ankle fracture. In order to confirm the biological effect of miR-185, human osteoblast hFOB1.19 cells were cultured in vitro and transfected with agomiR-185. Our results from MTT assay showed that elevation of miR-185 could obviously inhibit the proliferating activities of hFOB1.19 cells, in which the expression of TGF-β1 was notably down-regulated. To further confirm the direct interaction between miR-185 and TGF-β1 mRNA, dual-luciferase reporter assay was performed. Our results showed that miR-185 could bind to the 3'-UTR of TGF-β1 mRNA, and regulate the expression.
In conclusion, our results showed that miR-185 regulated the expression levels of TGF-β1, to inhibit the proliferation of human osteoblasts, and play an important role in the recovery process of ankle fracture. These findings might contribute to the understanding of the biological functions and effects of miRNA-185 and TGF-β1 in the ankle fracture.
